Instrumental records were used to assess the interannual variability of precipitation for the greater Asian monsoon region (50 0 N-15° S, 60 o E-1500E). Correlation analysis shows intriguing teleconnections between subtropical and midlatitude precipitation regions. Principal components analyses show that ENSO (EI Nifio-Southern Oscillation) is the dominant factor associated with recent interannual variation of precipitation in the region. The strongest relationships between ENSO and boreal summer precipitation were found in subtropical regions, as weIl as North Central China and southeastern Kazakhstan; boreal winter precipitation in the tropics and subtropics also exhibited strong relationships with ENSO. Scenarios for reconstructing spatial and temporal patterns of Asian monsoon precipitation variation were generated by selecting individual records based on 1) correlation with regional time series and 2) length of record. Spatial patterns were highly dependent on the type of record selected; however, temporal patterns were reasonably weIl reproduced regardless of station selection criteria. The implication of the latter result is that the dominant modes of boreal summer and winter precipitation for East Asia might be reconstructed using relatively few sites.
INTRODUCTION
Even our best approximation of the 'continuous' spatial climatic fields of temperature and precipitation is based on a limited sampie from unevenly distributed instrumental climate stations with varying length of record. Station and proxy data locations vary greatly in elevation, aspect, and relation to both local and large-scale atmospheric circulation. Data from a given location might be representative of larger spatial fields varying in size from the microclimate of an individual mountain or valley site to the large-scale hemispheric circulation for a particular latitudinal or longitudinal band (Briffa & Jones 1993; Jones & Briffa 1992) . Dendroclimatology in EastAsiais plagued by a lack of both long and weIl-situated instrumental climate data records. With the exceptions of India and Japan, long station records are located only in coastal cities, far from most tree-ring sampling sites. The situation is even more daunting when long records of temperature are required (Garfin 1992) . Therefore, it is important to understand the degree to which East Asian climate and proxy records might integrate regional climate signals.
The literature on the meteorology and climatology of the Asian monsoon is vast. For comprehensive overviews of research on the Asian monsoons the reader is referred to the following volumes : Das 1986; Fein & Stephens 1987; Chang & Krishnamurti 1987; Ding 1994 . Spatial variability of precipitation and temperature in the Asian monsoon region has been studied chiefly within the following contexts: 1) within political boundaries, e.g., the spatial variability of India or China monsoon rainfall (e.g., Shukla 1987; Singh et al. 1991; Hulme et al. 1994; Liang et al. 1995) ; 2) the relationship between the all-India monsoon rainfall (IMR) and Mei Yu rainfall (e.g., Fu & Fletcher 1988; Fu & Ye 1988; Yang & Gutowski 1992; Kripalani & Singh 1993) ; 3) as related to EI Niiio-Southern Oscillation (henceforth, ENSO; see Allan et al. 1996 for a comprehensive treatment of this subject) (e.g., Rasmusson & Carpenter 1983; Mooley & Parthasarathy 1983; Wang & Li 1990 , Prasad & Singh 1996 (note: recently, the International Research Institute for Climate Prediction [IRI] has produced ENSO-precipitation impact studies for monsoon Asia and Australia, available on the WWW at http://iri.ucsd.edu/research/ENSO/enso.html). Relatively few studies have examined c1imate variations between different regions within monsoon Asia (Hakkarinen & Landsberg 1981; Garfin 1992; Kripalani et al. 1995; Kripalani & Kulkarni 1997) .
The foci of this study are 1) to characterize the dominant spatial modes of variation of instrumental precipitation records in the Asian monsoon region, and 2) to examine to what extent station selection affects climate reconstruction. The latter focus is especially important given the uneven spatial distribution of most long instrumental climate records in East Asia. Special emphasis is put on relationships between subregions within monsoonAsia, as changes in long-term relationships between these land-based records might be indicative of changes in hemisphere-scale changes in atmospheric circulation.
DATA AND METHODOLOGY
The study region is enclosed by the coordinates 50° N 60° E, 50° N 150° E, 15° S 150° E, and 15° S 60 0 E. The area was defined in broad terms in order 1) to examine relationships over as geographically and topographically diverse a region with strong seasonal contrasts associated with a monsoon climate as possible, and 2) to bracket known proxy data sites with the densest possible network of instrumental coverage.
Data were assembled from the following sources: 1) the United States Department of Energy Comprehensive Precipitation Data Set for Global Land Areas (Ei scheid et al. 1991) and 2) two China data sets (260 stations) provided by the University of Arizona Laboratory of Tree-Ring Research (original sources: Prof. Wu Xiangding and Prof. Xu Ruizhen). SOl data were kindly provided by Dr. C. Ropelewski, NOAA Climate Analysis Center. Data were restricted to the period 1953-1982, the 30-year period with the greatest station density and fewest missing data. Missing data, limited to 15% of a given station record, were interpolated from nearest neighbor stations using the median ratio method (Bradley 1976) . Data were subsequently converted to seasonal values (MayOctober, henceforth, summer; November-April, henceforth, winter), thus diminishing the importance of any given predicted value. These seasons were chosen to represent the fuH extent of boreal summer and winter monsoon precipitation. Seasonal series were tested for homogeneity using the Mann-Kendall rank statistic, which tests for trend versus randomness (Mann 1945; Kendall 1948) . Cluster analysis, using the 12 monthly means ofprecipitation for 1953-1982 as variables and stations as observations, was employed to reduce the spatial field from 445 individual stations to 21 homogeneous climatic regions (Fig. 1) . Regional mean precipitation series were expressed in terms of the percent of the 1953-1982 mean for the season in question. Correlations between the precipitation regions are analyzed below (Fig. 3, 5) . A subjective cutoff of r > 0.5 (p < 0.01) was chosen, as it was thought that weaker correlations would not be of value to paleoclimatologists.
Principal components analysis (PCA), using the correlation matrix, was employed to determine the principal modes of precipitation variation for both summer and winter precipitation. Unrotated PCs were used for the following reasons: 1) only the first PCs are examined in this study and both the first rotated and unrotated PCs produced similar results (not shown); 2) for comparison of PCAs using different input matrices, unrotated components facilitated ease of comparison. The first PC of the regional means determined by the cluster analysis was then compared with 1) the first PC for a network of individual station records that was most highly corre-lated with the first PC of regional means and 2) a network of stations with the longest records for each region. The PCA comparisons are based on the assumption that the climatic regions produced by the cluster analysis do not vary spatially through time.
MODES OF VARIABILITY

Summer precipitation
Examination of Figure 2b indicates that the interannual variation of summer precipitation (PPT) in monsoon Asia is strongly related to the behavior of the Southern Oscillation, a result not unexpected, as it is supported, in part, by evidence from researchers looking at global precipitation anomalies associated with ENSO events (e.g., Ropelewski & Halpert 1987; Kiladis & Diaz 1989; Allan et al. 1996; Kane 1997) . The first PC for summer PPT (SR) accounts for 21.1 % of the variance (Fig. 2a) and its time series of scores is weIl correlated with the concurrent season SOl (r = 0.75, P < 0.001); moreover, the pattern of positive and negative loadings ( Fig. 2a ) and the pattern of positive and negative correlations ( Fig. 2b) are quite similar. The SR time series (not shown), though weIl associated with the SOl, does not reflect the magnitudes of individual ENSO events as deterrnined by either the SOl or Quinn and Neal (1992) ; this provides areminder that many factors not related to ENSO govern the behavior of the monsoons. The loadings exhibit the tendency for variations of opposite sign between the northwestern sec tor (which includes the western Tibetan Plateau, the Pamir and Hindu Kush region, and the Kirghiz Steppe), and the 'monsoon core region' (which includes all of East Asia south of _40 0 N, SouthAsia, the maritime continent and northern Australia). Both the strongest positive loadings and strongest relationships with the SOl are found in the tropics and subtropics, especially in India, Southeast Asia, central China, and Indonesia. Regions in the northwest sector (regions 6A, 8A, lOA) display negative associations with the SOL (Kripalani & Kulkami 1997) . Several researchers have found that both northern China and southern India receive more rainfall during La Nifia years (Mooley & Parthasarathy 1983; Parthasarathy & Pant 1984; Liang 1988; Wang & Li 1990 ). During La Nifia years, precipitation in tropical regions is enhanced by the greater availability of moisture due to higher western tropical Pacific SSTs and concomitant convective heating anomalies (e.g., Tomita & Yasunari 1996; Meeh11997; Soman & Slingo 1997) . At the same time, northern regions have enhanced precipitation as a result of both more meridional flow from the moisture source in the South China Sea (Fu & Fletcher 1988) , more rapid northern penetration of the monsoon due to the displacement of the West Pacific High (Huang & Wang 1985; Fu & Ye 1988; Wang & Li 1990 ) and, perhaps, reduced Eurasian snow cover (Yang & Xu 1994; Meehl1997) . Variations over time in associations between proxy data sites in these regions could prove to be an interesting avenue of research, as such relationships, if coherent over a wide region, might be indicative of changes in atmosphere-ocean interactions affecting precipitation distribution in the monsoon region.
Winter precipitation
The first PC for winter precipitation (WR) accounts for 24.9% of the variance ( 1996) . WR is positively correlated with the first PC for winter temperature (r = 0.53, P < 0.001) (Garfin 1992) , which reflects a tendency for greater precipitation during winter season over East Asia's midlatitudes during years when winter temperatures are generally warmer than normal (i. e., EI Nifio winters). It seems probable that cold winter temperature and astronger Siberian High would inhibit precipitation in northern regions during La Nifia winters, and that increased cold surge activity would increase precipitation in southern regions (Chuchkalov 1981; Li 1990; Tomita & Yasunari 1996) . Convection during the winter season in the subtropics and tropics is enhanced when meridional circulation is strong and there are more frequent cold surges (Chuchkalov 1981; Wu & Chan 1995 ); thus, it is possible that this pattern represents the tendency for meridional circulation to weaken during warm winter seasons (i.e., a weakened Siberian High). Figure 5 shows the correlation between precipitation regions for the winter season, and Figure 4b shows the correlations between precipitation regions and the concurrent SOl for the winter season, respectively. The most prominent features of Figure 5 are that most of the strong positive correlations are zonally oriented and most of the strong negative correlations are meridionally oriented. Zonally oriented correlations occur chiefly between midlatitude regions, whereas meridionally oriented correlations occur chiefly between tropical and midlatitude regions. The similarity between the region of zonally oriented correlations in Figure 5 and the region of negative associations between winter precipitation and the sm in Figure 4b is striking.
THE EFFECT OF DIFFERENT STATION NETWORKS
PCA was performed for 'alternative' data in order to examine how weIl a network of proxy climatological records might perform in reconstructing the best approximation of the actual climate as represented by the regional mean data set assembled for this study. In this part of the study, the question "To what extent is the dominant mode of precipitation variability represented by a network of proxy records?" is addressed. The alternative data sets used in this exercise include the following: 1) the set of individual stations, one per region, which are most highly correlated with the time coefficients of the first principal component for the climatological field in question (SC, WC), and 2) the set of individual stations, one per region, which have the longest record of all stations in that region (regardless of correlation) for the climatological field in question (SL, WL).
Summer precipitation
SC (Fig. 6a ) accounts for 30.1 % of the variance and the overall spatial pattern is consistent with that of SR (Fig. 2a) . The magnitudes of the loadings, though of the same sign as those in SR, differ greatly. Magnitudes of the regions to the northwest of the core monsoon region, i.e., those with negative loadings, are much higher than those in SR; the sign and magnitude of loadings for regions in far eastern Siberia and northern Japan differ greatly from those in SR. Moreover, the relative strengths of as the association between SR and the SOl (r = 0.75). This result suggests that sampling of proxy data sites in the regions with the highest loadings can capture much of the ENSO relationship with the region as a whole. SL (Fig. 6b ) accounts for only 15.0% of the variance, and the overall spatial pattern differs markedly from that of SR. Across a large portion of the midlatitudes the loadings for SL differ in sign from those of SR (even when accounting for the arbitrary revers al of sign in this analysis); furthermore, the relative strengths ofthe loadings in several of the monsoon core regions in SL differ greatly from those of SR. Much higher loadings are seen in Southern Hemisphere regions and in the northwestern regions for SL than for SR. Correlation between the SR and SL time coefficients (r = 0.66) is lower than the SR-SC relationship. Nevertheless, SL maintains a reasonably high, but negative, association with the SOl (r = 0.68). This is probably the result of the fact that a high proportion of the variance in SL is accounted for by Southern Hemisphere regions (characterized by strong relationship to ENSO) and regions to the northwest of the monsoon core (characterized by negative relationships with the SOl). If proxy records with strong relationships to long-term climate stations can be found, a reasonable summer monsoon precipitation-ENSO signal might be reconstructed from relatively few records. However, the apparent disparity in the sign and magnitude of loadings between SR and SL indicates that long-term stations, which provide the best opportunities for statistically robust calibration and verification of tree-ring records, rnight not best represent the large-scale precipitation climatology of the region.
Winter precipitation
Comparisons between the two 21 station sets (WC and WL) are shown in Figure 7 . WC accounts for 34.7% of the variance, and the overall spatial pattern is consistent with that of WR. The signs of the loadings are in agreement with those of WR; however, the magnitudes of the loadings for most regions are much higher for WC than for WR. The zones of low loadings in the Northern Hemisphere subtropical regions and in Southern Hemisphere regions in WR do not appear in WC. The relative magnitudes of many regions in WC are not consistent with the relationships displayed in WR. Thus, WC exhibits sharper contrasts between the tropical and midlatitude areas than those found in WR. , 1953 , -1982 Loadings for the first pe for stations with the longest precipitation records (evaluated over the period (WL) . Regions with negative loadings are shaded.
WL accounts for only 18.7% of the variance, and exhibits a substantially different spatial pattern from that found in WR. The sign of the loadings in several regions in WL (2, 3B, 7A, 9, lOE) differs from those in WR. Midlatitude regions (10A, 1, 5A, lOB, SB) exhibit much lower loadings than do the same regions in WR. Nevertheless, the time coefficients for the replications are highly consistent with those of WR; the correlation coefficients for WR-WC and WR-WL are 0.95 and 0.92, respectively. The high degree of correlation between WR-WL, despite the disparity between the loading patterns, suggests that a combination of proxy records from midlatitude East Asia and the southern and eastern parts of the maritime continent with strong relationships to long-term instrumental precipitation stations might wen characterize this mode of variation.
DISCUSSION AND CONCLUSIONS
Monsoon Asia and immediately surrounding areas were classified into homogeneous precipitation regions. Although the study area contained some non-monsoon climate types, these regions often had strong relationships with monsoon regions, and the knowledge of such relationships is useful to dendroclimatologists.
Summer precipitation was characterized chiefly by relationships between the precipitation regions and the SOl; this result was borne out by both correlation and PCA techniques. Most regions in monsoon Asia had positive correlations with the concurrent SOl; however, regions to the northwest of monsoon Asia had negative relationships with both the sm and with other regions in monsoon Asia. Correlation analysis revealed strong long-distance positive associations between regions in the Northern Hemisphere tropics and midlatitudes. The dominant spatial mode of winter precipitation variation was characterized by a contrast in response between midlatitude and tropical regions, which resulted in several strong negative correlations between distant midlatitude and tropical/ subtropical areas. Interannual variation of the contrast in precipitation between midlatitude and tropical regions is probably the result of variations in the strength and position of the Siberian High and the effect of related cold surge activity on winter precipitation.
Results of the overall analysis of precipitation variation indicate covariation between distant regions, as well as correlation with the SOL Tree-ring records that accurately represent the precipitation in these areas can be used to measure changes in regional relationships over Ion ger time spans. As the Asian monsoons are sensitive to Pacific and Indian Ocean air-sea interactions (e.g., Huang & Wang 1985; Terray 1995; Meeh11997) and to midlatitude circulation (e. g., Meehl 1997) , studies of variation between sites within monsoon Asia and adjacent areas might well reflect changes in large scale atmospheric circulation (e.g., Allan et al. 1996) .
In this study, long-term stations were used as a 'proxy ofthe proxy', i.e., the spatial and temporal patterns displayed by these station records were compared with those of regional mean climate records, much as tree-ring reconstructions are compared with instrumental data. The fact that the ensemble ofLT stations accurately portray temporal variability in the dominant modes of summer and winter precipitation variation is encouraging, because it implies that the temporal aspect of the dominant modes of precipitation variability can probably be represented by relatively few well situated proxy records. A den se network of sites, and sites that accurately reflect regional climate signals (such as that portrayed by the network of most highly correlated stations), is necessary in order to portray spatial variability as exhibited by the first PCs of summer and winter precipitation presented in this study.
